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[1] retract sw asserted 
(unconditionally return 
*t to this step) 



( 



(1) Retract 

and enable detection on all portions of the blade 



[2] retract sw released 



A 

( Stop 



Approach 
sw released 



(2) Follow the material keeping the blade 
approx. 25mm vertically above any obstructed part of the Image 

- This retracts the blade to follow the material if the material is lifted (say by an 

operator) causing the material to approach the blade from below 

- If no material detected on anvil then keep blade approx. 25mm above anvil 

- Stop if blade less than 25mm from material 
- Do NOT retract further than a preset UPPER limit 



[3] material shape 
and orientation 
matches one of those 
stored in the shadow 
stack 



[6] approach 
sw released 



[5] Approach sw asserted and 
blade is more than 25mm 
vertically above any obstructed part 

of the Image (this has priority 
». over condition [8]) 




Approach 
sw asserted and 
condition [8] is 
NOT true 



(3) Stop & Wait for approach sw 



[8] Approach sw asserted an 
material position or shape fails 
to match any stored in the 
shadow stack 
and condition [5] is NOT true 
(disable any area of blade 
close to material) 




[9] approach 
sw released 





[7] material shape N 
or orientation 
fails to match 
any stored in the 
shadow stack 




( (4) Go fast & Approach the material ) 

■ 

[1 3] new part of blade ^ 



[1 0B] material shape \ 
or orientation \ 
fails to match any stored in the 
shadow stack 



close to materia) 
(or anvil) 



(5) Go slow & build new 
shadow map or add to shadow 
map being created 



) 



Approach sw 
asserted 
AND [1 8] not true 



Approach 
released 




Approach sw 



[1 1] blade not close to anvil 
or no material detected 
on anvil 




Approach sw 
released 



[12a] blade close to material 
or 

[1 2b] part of blade past material 
and new portion 
of blade close to material 
or 

[12c] blade close to anvil 



( (6) Stop & Wait for confirmation ) released 



[15] blade close to anvil 
and Image matches shadow stack 
(for longer than confirmation timeout) 
and confirmed safe to bend 




[4] bend completed % ... 
1. Save any newly created 
shadow maps 
to shadow stack 
2. Retract to clear the material 



(7) Stop ) 



[14] blade close to anvil 



( 



(9) Go slow & 
Bend the material 



Approach sw 
asserted 



Approach sw asserted 
AND 

[1 8] blade close to anvil 
AND image of 
material position, shape and orientation 
match one of the images stored in 
the shadow stack 



Approach sw 
released 




^ Stop ) 



Figure 12 
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[1] retract sw asserted 
(unconditionally return 
u to this step) ^ 



[2] retract sw released 



( 



(1) Retract 

and enable detection for all portions of the blade 



) 



Stop ) 

Approach sw \ 
released x » 



[5 A] Approach sw asserted 
AND blade NOT close to material 



^ Waiting for approach sw ^ ) 

J Approach sw 
/ released 



i : 




(2) Approach the anvil while the blade remains more than a preset distance above the anvil 
and every part of the blade remains more than a preset distance vertically above the material 
and every part of the blade remains more than a preset distance horizontally beside the material 
- Retract the blade to follow the material if the material is lifted (say by an operator) 
causing the material to approach the blade from below 
- Do NOT retract further than a preset UPPER limit 



) 
) 



[7] material moved 
on the anvil so the 
shadow map Is no longer^ 
valid 

/ 



[6] blade close to the material 
and Image of material no 
longer matches the image 
stored In the shadow 
stack 



[4] Blade close to material 
AND material position 

and shape match 
one of those stored In 
the shadow stack 



/ 



[5B] Approach sw asserted 
AND blade close to material 
AND material position 

or shape fails 
to match any stored in 
the shadow stack 



Approach sw 
asserted 



j 



/ 



/ 



/ 



( (3) Go fast & Approach the material ) 





[5C] Approach sw asserted 
AND blade close to material 
AND material position 
and shape match 
one of those stored 
in the shadow stack 



/ 



\ 



(4) Go slow & build new *C 
shadow map or add to shadow ] l 8 l material position 



Approach sw 
asserted 



Approach sw 
released 



( Stop ^ * map being created 



Approach sw 
released 



[1 0] blade close to anvil 



/ and shape match 
one of those stored In 
the shadow 

stack I 11 ! new part of 

blade close to material 
or blade close to anvil 



Stop 

IT 4 



Approach sw 
released 



( (6) Stop & Wait for confirmation ) 



( (5) Stop ) [ 12 ] approach sw released 



[15] confirmation 
timeout and 
image match 
and confirmed 
safe 



[31 bend completed " ^ 
1. Save any newly created 
shadow maps 
to shadow stack 
2. Retract to clear the material 



( 



L 



(7) Go slow & 
Bend the material 



Approach sw 
released 
-V. >' 



[18] blade close to anvil 
and safe to bend material 
and material shape and position 
match the shadow stack 



U 

/ Approach sw 
asserted 



(8) Stop ) 



Figure 13 
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[1] retract sw asserted 
(unconditionally return 
to this step) 



( (1) Retract ) 



( 1 ) 



[3] Blade FAR 
above material 



[4] retract sw released 




Approach sw 
released 




[2] Approach switch edge 
(released to asserted) 



(2) Approach material 
Stop on new obstruction or go slow as necessary for safety 
ie new part of blade obstructed or dose to anvil 
Create new image map as necessary 




[5] Material shape 
matches shadow stack 



( 1 ) 



( 



(3) Follow FAR above material 
Only approach if blade clear of material 



) 



T 



[10] Blade close to anvil 




[7] Blade FAR above material 



(4) Follow CLOSE to material 
Stop If blade not clear of material 



[6] material shape 
matches shadow stack 
and blade dear of material 



[8] Blade clear of material 



( (5) Retract ) 



T * 

Approach sw 
J released 
- AND blade 
close to anvil 



[9] Approach sw asserted 
^ AND blade close 
to anvil 



[1 1] Bend completed 
(add new images to shadow 
stack as necessary) 



Approach sw ( Check if okay to proceed ) 
released • 



/ Approach sw 
asserted 



(6) Bend material )-<■ 



Safe to bend material 
and material shape and position 
match the shadow stack 
AND current mode allows AUTO-BEND 



Figure 14 
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[1] retract sw asserted 
(unconditionally return 
- to this step) 



(1) Retract \ 
and enable detection for alt portions of the blade ) 



[2} retract sw released 




( Stop J 



Approach sw 
released 



(2) Approach the anvil while the blade remains more than a preset distance above the anvil 
and enabled portions of the blade remain more than a preset distance above the material 
- Retract the blade to follow the material if the material is lifted (say by an operator) 
causing the materia) to approach the blade from below 
- If the material is moved relative to the anvil, then re-enable detection for all portions of the blade 



blade clear of materia! 



i 



(3) Enable detection on all portions of the blade 
AND retract the blade 




Approach sw 
released .. — 



( 



(4) Disable detection on all portions of the 
blade that are close to the material preventing 
the blade from approaching the anvil 
AND enable detection on all other portions 



( Stop 



J* [4] Approach sw asserted 
/ AND blade NOT close to anvil 



[5) bend completed 



[7] confirmation 
timeout and 
confirmed 
safe 



Approach sw 

asserted. — Vy 

( jElX. « 

Approach sw 
released 



(5) Go slow & 
Bend the material 




[6] Approach sw asserted 
\ AND blade close 
/ to anvil 



Figure 15 



